We demonstrate theoretically a large transverse magneto-optical Kerr effect (TMOKE) in subwavelength gratings consisting of alternating magneto-insulating and nonmagnetic dielectric nanostripes. The reflectivity of the grating reaches 96% at the frequencies corresponding to the maximum of the TMOKE response. The combination of a large TMOKE response and high reflectivity is important for applications in 3D imaging, magneto-optical data storage, and magnonics.
Fano interference [14, 20] .
The complex resonance behaviour of the proposed subwavelength dielectric grating is a mechanism that differs it from conventional MO diffraction gratings having a large period as compared with the wavelength of incident light [21] . Moreover, similar to magneto-plasmonic gratings, the reflectivity of conventional MO gratings is low. The potential of subwavelength dielectric nanostructures to enhance the MO Kerr effect has been confirmed recently in [22] . By using an idealised analytical model of a subwavelength dielectric grating suspended in air, it has been shown that the polar and longitudinal configurations of the MO Kerr effect [1], which are different from the TMOKE, can be enhanced without losing in reflectivity.
II. RESULTS AND DISCUSSION
The inset in Fig. 1(a) shows the schematic of the proposed subwavelength dielectric grating and defines its dimensions along with the polarisation of light incident at angle θ. The grating consists of alternating nanostripes made of yttrium iron garnet doped with bismuth (Bi:YIG) and silicon (Si). The Bi:YIG-Si periodic structure sits on top of a gadolinium gallium garnet (GGG) layers that needs to be used as a seed substrate for the growth of realistic Bi:YIG nanostructures (see, e.g., [23] ). The typical refractive index of Bi:YIG and GGG is n Bi:YIG = 2.2 + 0.0011i and n GGG = 1.97, correspondingly [24] . Because the refractive index contrast between Bi:YIG and GGG is low, in the absence of the Si nanostripes our in-house RCWA software [25] predicts the reflectivity of the grating of just 2% at θ = 35 o (Fig. 1 ). This result shows the crucial and adverse impact of the GGG substrate on optical properties of realistic iron garnet nanostructures.
However, at n = 3.45 corresponding to Si, we observe that the reflectivity reaches ∼ 78%. This result is confirmed by CST Microwave Studio software implementing a Finite Integration Technique. Fig. 1(b) shows the intensity profile in the plane of incidence at θ = 35 o at the frequency corresponding to the maximum of reflectivity of the Bi:YIG-Si grating. Because our RCWA software [25] cannot simulate gyrotropic materials we use CST Microwave Studio to investigate the enhancement of the TMOKE associated with the resonance of the Bi:YIG-Si grating. In the TMOKE configuration the static magnetic field is perpendicular to the plane of incidence. We use the conventional expression [1] to quantify the TMOKE response: δ = R(+M s ) − R(−M s ), where R denotes the reflectivity. We do not normalise δ to the reflectivity R(0) because in many practical applications (e.g., in magnonics [3]) one measures the difference between R(+M s ) and R(−M s ) without knowing R(0). We also avoid artificial enhancement of the TMOKE that can appear when R → 0. The reflectivity R changes due to the magnetic field induced change of the boundary conditions at the surface of the Bi:YIG nanostripes of the grating [1, 7] . In simulations, the dielectric permittivity tensor ǫ(M s ) has the following nonzero components: ǫ 11 = ǫ 22 = ǫ 33 = n 2 Bi:YIG , ǫ 13 = ig, and ǫ 31 = −ig, where g is the value of the gyration. For a saturated magnetisation g Bi:YIG = 0.005 [24] .
The solid line in Fig. 2(a) shows the reflectivity spectrum of the Bi:YIG-Si grating. By changing the sign of the gyration in the dielectric permittivity tensor we simulate the change from +M s to −M s . The solid line in Fig. 2(b) shows the corresponding TMOKE response δ. We compare these results with the reflectivity and TMOKE response of a continuous Bi:YIG film of the thickness h situated on top of the GGG substrate (the dashed lines in both panels of Fig. 2 ). We observe a two orders of magnitude enhancement of the TMOKE response of the grating as compared with the continuous film. The resonance in the reflectivity spectrum of the grating is due to the excitation of a waveguide mode and its recoupling back to the incident region. Both processes occur through phase matching by the grating and they are correlated with the Rayleigh wavelength and diffractions modes of the grating [15] . The Rayleigh wavelength corresponds to the Wood's anomaly, which is due to one of the spectral orders appearing or disappearing in the case of the diffracted wave lying in the plane of the grating. Although the Wood's anomalies are usually associated with the resonant excitation of surface plasmons [8] , they are also present whenever there exists a surface mode. In agreement with a theory of periodic dielectric waveguides [26] , our simulations show that our grating supports a surface wave propagating along the Bi:YIG-Si nanostructure [ Fig. 1(b) ]. One can see that the intensity of the surface wave is higher in the high refractive index Si regions, which additionally confirms the crucial role of the Si nanostripes. Fig. 3(a) shows that the sharp resonance peaks in the reflectivity spectra of the grating appear at the spectral range corresponding to the +1st order reflected/transmitted diffraction modes shown in Fig. 3(b) . We note that the same result was predicted in Ref. [15] . The spectral position of the resonance peaks is linked to the Rayleigh wavelength λ R = Λ(sinθ ± n i )/ ± m, where Λ is the grating period, n i the refractive index of the sub-and superstrate of the grating, and m is the diffraction order. Consequently, the resonance peaks shift as a function of θ [ Fig. 3(a) ]. It is noteworthy that at θ = 35 o the grating supports both reflected and transmitted diffraction modes. At the smaller θ the grating supports only the transmitted diffraction modes.
The co-existence of the guided and diffraction modes in a narrow spectral range creates conditions for Fano interference, which leads to the formation of the asymmetric line shape [ Fig. 2(a) ]. Another characteristic feature of the Fano resonance -the suppression of the reflectivity (or antiresonance) [20] -is also present in the spectrum and it occurs at the Rayleigh wavelength [the arrow in Fig. 2(a) ].
In Fig. 3(a) we also observe that the linewidth of the resonance peaks gets narrower. As a result, the reflectivity increases from 78% to remarkably high 96%. The direct implication of the linewidth narrowing is a drastic increase in the TMOKE response that reaches considerable δ = −0.04 at θ = 10 o [ Fig. 3(c) ]. Indeed, in accord with the expression quantifying the TMOKE response δ, a shift in the position of a narrow resonance peaks gives rise to a higher TMOKE response than the same shift in the position of a broad peak.
Finally, we refer to Fig. 3 (a) in our work [9] where we investigate a Py grating of the same period as the subwavelength dielectric grating. However, instead of Si the Py grating has air grooves. One can see that at θ = 35 o the TMOKE response of the Py grating is 3.2 times lower as compared with that of the dielectric grating. Furthermore, the reflectivity of the Py grating is < 20% at the frequency corresponding to the maximum of the TMOKE response.
Under the assumption that Si nanostripes are lossless, our simulations predict that at the resonance the absorption losses in the Bi:YIG-Si grating constitute ≤ 5%. In the off-resonance regime the losses are ∼ 0.1%. Even though in reality there will be always more losses due to the effect of the substrate and possible fabrication imperfection, the proposed grating will always outperform magneto-plasmonic gratings in terms of absorption losses. For instance, at the resonance the losses in the aforementioned Py grating constitute ∼ 75%. For further comparison, in a nonmagnetic gold grating of the same geometry the losses are ∼ 25%.
III. CONCLUSIONS
We have proposed and verified numerically an efficient mechanism of the enhancement of the TMOKE in subwavelength dielectric gratings. We have demonstrated a large TMOKE response accompanied by a very high reflectivity. This result is not readily attainable using magneto-plasmonic gratings. We envision the application of the proposed grating in a variety of devices for high-definition imaging, magneto-optical data storage, and magnonics. This work was supported by the UWA UPRF scheme and Australian Research Council. We thank Prof. S. Samarin (UWA School of Physics) for valuable comments and suggestions. 
